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1. Introduction. - In a recent series of papers [1, 2] we described the periodic finger-like structures that are produced when a cholesteric liquid crystal is placed between approximately parallel glass plates which have been treated to give homeotropic alignment of the director field at their surfaces. In addition to these finger structures, referred to as PC for periodic cholesteric configurations, many other features are observed. One of these is the presence of singular lines which form in profusion when the sample is cooled down from the isotropic into the cholesteric phase, or when a large shearing pulse is sent through the sample, such as by tapping the constraining glass plates. A sample in the process of recovering from a large flow is shown in figure 1 . By careful manipulation of these plates, most of these singular lines can be removed through the ensuing flow. The result of the controlled flow is to eliminate many of the regions which have randomly nucleated with one or the other of two principle configurations which are separated by the lines. We ha,,e termed these the 0-0 and 0-n configurations depending on whether the top and bottom surfaces of the sample are connected by a molecular structure which can be distorted conti-' nuously to the homeotropic (0-0) such as with the application of a vertical magnetic field as shown in figure 2, or cannot be driven to the homeotropic continuously with a vertical magnetic field (0-n) as shown in figure 3 . These configurations can be distinguished optically in a magnetic field since between , crossed polarizers the field of view of figure 2b observed in parallel light remains dark as the sample is rotated
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2. -A possible molecular structure for a cholesteric in the 0-0 configuration subject to homeotropic pinning at the top and bottom surfaces. In (a) there is no applied magnetic field and a partially formed cholesteric helix is seen. In (b) a strong magnetic field has been applied perpendicular to the top and bottom surfaces. The cholesteric helix is destroyed and a homeotropic configuration produced.
about the field direction whereas for figure 3c the field of view will vary in brightness as the sample is rotated. We find that for a typical sample (wedge angle -1 0) containing the finger-like region we are always confronted with a least one singular line which occurs at thicknesses about twice that at which the fingers nucleate from the homeotropic (which we call Z,,). This behaviour is found for a wide range of pitches (the pitch can be varied by changing the concentration, e.g., of cholesteryl oleate in MBBA) and as Zc scales with pitch, the effect observed must be intimately connected with the cholesteric wavenumber (1(= 2 n/ pitch). For samples with larger wedge angles (-3°) we often see 3 or 4 lines running approximately perpendicular to the wedge gradient as shown in figure 4 .
At the thinnest edge of the wedge (the bottom of figure 4 ) the molecules align homeotropically between the two glass plates and the sample between crossed polarizers is dark. At a critical thickness Zc [1] , the PC finger structure nucleates with the fingers parallel to the direction of the flow, which in this preparation was parallel to the direction of the thickness gradient (from top to bottom in figure 4) of the periodic cholesteric (PC) configuration changes by 90° and the connectedness between the surfaces changes from 0-0 to 0-n, as can be verified by a vertical magnetic field. The nature of the straight fingers has been described previously [1] . The figure 5 and described previously [1] , the direction of the fingers being largely determined by the nature of the parent TIC and the direction of the relaxing shear flow. In this paper, we will concentrate on the effects of flow on the structure and strain energies of the TIC configuration since these calculations contain the essential explanation for the production of the singular lines, and are much less consuming of computationa! time than a full treatment of the PC configuration. ). This has been described more fully in a previous paper [2] along with methods of solution on a computer.
When a flow is applied to the sample, further torques act upon the director field. These torques [3] are given by the molecular field where and In equations (4) and (5) (a) . In a strong flow to the right the director field near each surface rotates into the flow (b). Two possible planar configurations to connect the surface director fields suggest themselves. One is a 0-n structure (c) while the other (d) is a 0-0 configuration. When the molecular field is free to rotate out of the page, many other configurations are possible. With a 180" rotation of' the director about the surface normal (e) a 0-0 structure is produced while with a 360° rotation ( f ) a 0-n structure is formed.
The significant point is that the second configuration (Fig. 6d) can be achieved continuously from the homeotropic. This is a 0-0 type configuration. The first, figure 6c, is a 0-n type and can be obtained from the homeotropic only through some discontinuity, such as nucleating a bulk line or breaking the surface pinning. Once it has been nucleated it then cannot disappear without the nucleation of a further line, and it will remain 0-n as the flow is decreased.
Even though the 0-0 type has higher energy than the 0-n type, it is not necessarily unstable with respect to it. It would be necessary to consider in detail the nucleation of the lines or loops responsible for the transition.
Other possible configurations can be realized by letting the director rotate out of the page as shown in figures 6e and 6 f and other such constructions. The configuration of figure 6e (a 0-0 type) has twist energy in the central région making it of higher energy than the configuration of figure 6c but not necessarily unstable with respect to it, or even with respect to the figure 6d configuration. The configuration of figure 6 f (a 0-n type) has still higher twist energy and would likely be unstable with respect to the configuration of figure 6c.
We therefore have the interesting case where the 0-0 configuration is the lowest energy at low shear (including zero shear for which the homeotropic configuration has zero energy) while the 0-n configuration (Fig. 6c) Figure 7 shows the expected results for a nematic under flow. For low shear rates, the 0-0 configuration is lower energy than the 0-n configuration. As the shear flow is increased there is a critical rate, depending on the thickness, at which the energy for the 0-n configuration becomes lower than that for the 0-0 configuration. This critical rate decreases as the thickness increases. When the energy difference becomes larger than the nucleation barrier separating these two configurations, the 0-n should form.
It When the nematic material is replaced by a cholesteric, still subject to homeotropic pinning at the surfaces, the same major effects are observed on the computer. However, the energies are different. Since the cholesteric likes to twist, the energy for the configuration of figure 6e can now become lower than that for the configuration described in figure 6c . This depends on how the rate of rotation of the director field with z compares with the equilibrium wavenumber q. Think connectedness between the surfaces is maintained after the flow is stopped, since, once the Grandjeanlike pinning is relaxed, the structure can rotate to that of minimum energy, which we have shown previously [1] . corresponds to 9:: = -q because of the homeotropic pinning at the surfaces. Thus, even after the flow has ceased, the singular lines, which once were Grandjean lines, remain, now as disclination lines separating the 0-0 and 0-n regions. In zero flow the 0-n regions are higher energy than the 0-0 regions (in the one-constant approximation) but cannot relax to them because of the nucleation energy involved (the energy difference between the 0-0 For Zq 6.4 the N = 1 structure is lowest in energy ; for 6.4 Zq 9.6 the N = 2 structure is lowest ; for Zq -9.6, the N = 3 structure has the lowest energy. Many of the configurations of higher energy are also possible as shown in these graphs. The flow behaves to some extent like weak planar pinning of the Chatelaine type which can be overcome when the flow is slow enough. (Fig. 9e) 
